Abstract. The present study explored the expression of tetraspanin 1 (TSPAN1) in esophageal carcinoma (EC) and its association with clinicopathological factors. TSPAN1 small interfering RNA (siRNA) was designed to target the TSPAN1 gene in Eca-109 cells in order to explore the biological function of TSPAN1 in the proliferation and apoptosis of EC. The results demonstrated that the level of TSPAN1 expression in EC tissue was significantly increased compared with that in adjacent normal tissue (P<0.001). TSPAN1 expression was also associated with histological differentiation, depth of invasion, lymph node metastasis (all P<0.05) and Ki-67 (P<0.01). However, no association was observed between TSPAN expression and gender, age or location (P>0.05). In addition, silencing TSPAN1 markedly inhibited proliferation while increasing the apoptosis rate of Eca-109 cells, which was demonstrated by detecting the expression of the cell proliferation-associated gene Ki-67 and the apoptotic gene caspase-3 (P<0.05). Taken together, these results indicated that TSPAN1 functions as a tumor-associated gene in EC through promoting cell proliferation and suppressing apoptosis, and siRNA technology may provide an advanced alternative in the development of therapeutics for EC.
Introduction
Esophageal carcinoma (EC) is one of the most fatal cancers of the digestive system worldwide (1) . Although great improvements have been made in the diagnosis and surgical treatment of EC, the overall survival rate remains poor (2) . Therefore, it is necessary to study the molecular mechanisms of the development of EC. In particular, studying the role of the new tumor-associated genes in EC may help to elucidate the mechanisms of EC initiation and progression, and provide effective targets for treatment of EC. Tetraspanin 1 (TSPAN1; GenBank accession no., AF065388; also termed NET-1), which encodes a 241 amino acid protein and is located at chromosome 1p34.1, belongs to the tetraspanin superfamily (TM4SF) and was identified by Serru et al (3) from the EST database in 2000. TM4SF, a specific family member of cell membrane glycoproteins, is widely expressed in numerous tissues and cells and mediates extracellular signal transduction and performs an important role in cell development, growth and movement through the role of the four hydrophobic regions in determining the boundaries of extracellular transmembrane regions of cysteine residues (4) .
Previous studies revealed that TSPAN1 was highly expressed in a number of cancers (5, 6) , but the role of TSPAN1 in EC was unclear. In addition, it was also uncertain whether TSPAN1 affects the proliferation and apoptosis of EC cells. Therefore, the present study detected TSPAN1 protein in EC tissues and evaluated its association with clinicopathological factors and progression of EC. The effects of target inhibiting TSPAN1 with siRNA on the EC cells were examined, and the effects on proliferation and apoptosis of EC cells were observed.
Materials and methods

Patients.
A total of 60 samples of EC tissue from resected specimens and adjacent normal tissues were obtained from the Affiliated Tumor Hospital of Nantong University (Nantong, China) between April 2013 and April 2015. The study was approved by the local medical ethics committee of Nantong University, and written prior informed consent and approval were signed by the patients. Intensity and extent of TSPAN1 and Ki-67 expression levels were thoroughly evaluated by two experienced pathologists who were blinded to the clinical results and the staining results were divided into three categories: (-), <10% positive parenchyma cells and/or weakly stained; (+), ≥10% positive parenchyma cells and/or strongly stained (7).
Cell culture. The ECEca-109 cells were provided by Biomics Biotechnologies Co., Ltd. (Nantong, China) and cultured in RPMI-1640 medium (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin and 100 µg/ml streptomycin at 37˚C in a humidified incubator (5% CO 2 ).
Small interfering RNA (siRNA) construction and cell transfection. The experiment was divided into three groups: TSPAN1 siRNA group (siRNA group), negative control group (NC group) and untreated group (Un group). According to an optimization principle of siRNA, a 19 nt sequence-specific siRNA targeting TSPAN1 was designed (TSPAN1 siRNA; Biomics Biotechnologies Co., Ltd.) for studying TSPAN1 in vitro. The TSPAN1 siRNA group sequences were 5'-CCA CAA UGG CUG AGC ACU UdT dT-3' (sense) and 5'-AAG UGC UCA GCC AUU GUG GdT dT-3' (antisense). The negative control group sequences were 5'-UUC UCC GAA CGU GUC ACG UdT dT-3' (sense) and 5'-ACG UGA CAC GUU CGG AGA AdT dT-3' (antisense). According to the manufacturer's protocol, TSPAN1 siRNA or NC siRNA were transfected using Lipofectamine ® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) at a final concentration of 25 nmol/l when the cells reached 70% confluence. All results were repeated three times.
Immunofluorescence microscopy. Eca-109 cells were cultured on 24-well plates (1x10 5 cells/well), transfected within 48 h, washed twice with PBS and fixed with 4% paraformaldehyde for 15 min at room temperature. The cells were permeabilized with 0.1% Triton X-100 for 15 min, followed by blocking with 1% bovine serum albumin (Sigma-Aldrich; Merck KGaA) in PBS for 30 min at room temperature. Cells were incubated at 4˚C overnight with anti-TSPAN1 polyclonal antibody (cat. no. ab221740; Abcam; dilution, 1:200), then washed extensively with PBS, followed by labeling with a secondary tetramethylrhodamine-labeled antibody (cat. no. T6778; Sigma-Aldrich; Merck KGaA, dilution, 1:100) for 2 h at room temperature. The nuclei were stained by Hoechst 33258 (5 µg/ml; Invitrogen; Thermo Fisher Scientific, Inc.) for 15 min at room temperature, and the stained cells in five different fields of view were observed by fluorescence microscopy (magnification, x400; Nikon Corporation, Tokyo, Japan).
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis of TSPAN1 mRNA levels. Subsequent to being transfected with siRNA for 48 h, total RNA was extracted from cells using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. According to the One-step Quantace kit (Quantace, Alexandria, Australia), RT-qPCR was performed in a volume of 25 µl, containing 1 µl of each primer mix (10 µM/ml), 12 µl of 2X Master Mix, 0.5 µl of 50X SYBR-Green I, 6.5 µl ddH 2 O and 5 µl RNA. The mixtures were first subjected to 30 min at 42˚C for reverse transcription and initially denatured for 10 min at 94˚C, followed by 40 cycles of amplification with the following cycling parameters: 20 sec at 95˚C, 30 sec at 55˚C and 30 sec at 72˚C. The primer pairs for TSPAN1 gene were designed with Primer Premier 5.0 software (Premier Biosoft International, Palo Alto, CA, USA). GAPDH served as an internal control for RT-qPCR. The primer sequences were as follows: TSPAN1 forward, 5'-GTG GCT TCA CCA ACT ATA CG-3' and reverse, 5'-GAC TGC ATT AGT TCG GAT GT-3'; GAPDH forward, 5'-GAA GGT GAA GGT CGG AGT C-3' and reverse, 5'-GAA GAT GGT GAT GGG ATT C-3'. The expression levels of each gene were determined using the 2 -ΔΔCq method (8) .
Western blot analysis. Total protein was extracted from all groups of cells following transfection for 48 h with a radioimmunoprecipitation assay buffer (Beyotime Institute of Biotechnology, Haimen, China), and the protein concentration was determined using the Bicinchoninic Acid Protein Assay kit (Beyotime Institute of Biotechnology). A total of 25 µg of protein were loaded into each lane, separated by 10% SDS-PAGE, transferred to a polyvinylidene fluoride membrane and blocked for 2 h at room temperature with 5% non-fat milk in TBS containing 0.1% Tween-20 (TBST) to exclude non-specific binding. The membranes were incubated with anti-TSPAN1 (cat. no. ab221740; Abcam; dilution, 1:1,000), anti-Ki-67 (cat. no. ab8191; Abcam; dilution, 1:1,000), mouse anti-caspase-3 (cat. no. C5737; Sigma-Aldrich; Merck KGaA; dilution, 1:1,000), and mouse anti-β-actin (cat. no. BM0626; Boster Biological Technology, Pleasanton, CA, USA; dilution, 1:2,000) primary antibodies overnight at 4˚C. The membranes were washed three times in TBST for 5 min and then incubated with goat anti-rabbit (cat. no. ab6721; Abcam; dilution, 1:5,000) and goat anti-mouse (cat. no. ab6789; Abcam; dilution, 1:5,000) secondary antibodies for 2 h at room temperature, followed by washing three times in TBST for 5 min. The enhanced chemiluminescence system (Pierce; Thermo Fisher Scientific, Inc.) was added to the target proteins and the film was visualized. Detection of cell proliferation using the MTT assay. Cells on coverslips were cultured in 96-well plates for 0, 24, 48 and 72 h, at a density of 2x10 3 cells/well at 37˚C. At the time cells were transfected with siRNA and NC for 0, 24, 48 and 72 h, MTT solution (0.2 mg/ml; Sigma-Aldrich; Merck KGaA) was added to each well for incubating cells at 37˚C for 4 h away from light. The supernatant was then removed, and 150 µl dimethylsulfoxide (Sigma-Aldrich; Merck KGaA) was added to dissolve the purple crystals in each well. The optical density was determined using a Microplate Reader (Bio-Rad 680; Bio-Rad Laboratories, Inc., Hercules, CA, USA) at a wavelength of 490 nm, and cell growth curves were constructed. Statistical analysis. The rates of TSPAN1 expression and clinicopathological factors were compared using one-way analysis of variance with post hoc contrasts by Student-Newman-Keuls test and χ 2 test analyses. The cell apoptosis analysis experiments were performed independently at least three times and comparisons between the experimental groups are expressed as the mean ± standard deviation. Statistical analysis was performed using SPSS v.20.0 statistical software (IBM SPSS, Armonk, NY, USA) and image processing was performed with GraphPad Prism 5.0 software (GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was considered to indicate a statistically significance difference. Fig. 1 ). The association between TSPAN1 expression and the clinicopathological parameters in EC was analyzed using the χ 2 test (Table I) . A statistically significant association was observed between TSPAN1 expression and histological differentiation (χ 2 =9.020; P=0.011), depth of tumor invasion (χ 2 =8.908; P=0.012) and lymph vessel invasion (χ 2 =6.296; P=0.012).
C e l l a p o p t o s i s a n a l y s i s u s i n g f l u o r e s c e i n
Results
Clinical
Immunof luorescence analysis of TSPA N1. Immunofluorescence analysis was used to detect the location of TSPAN1 protein in Eca-109 cells, and a confocal microscope was used to observe fluorescence. The results indicated that TSPAN1 protein was distributed evenly in the cytoplasm around the nucleus of Eca-109 cells (Fig. 2) .
TSPAN1 mRNA and protein levels. RT-qPCR and western blot analysis revealed a significant decrease in the mRNA and protein levels of the TSPAN1 siRNA group compared with the negative control group. As demonstrated in Fig. 3 , TSPAN1 siRNA inhibited TSPAN1 expression at the mRNA level up to 67.7% (Fig. 3) in comparison with that of the negative control group (0.27±0.05 vs. 0.95±0.10; P<0.05). As demonstrated in Fig. 4 , a silencing effect of TSPAN1 siRNA was observed at the protein level up to 62.0% compared with the negative control group (0.35±0.05 vs. 0.97±0.12; P<0.05), indicating effective silencing at the mRNA and protein levels.
TSPAN1 silencing inhibits the expression of Ki-67 and promotes the expression of caspase-3.
The optical density value for the bands for each of the three groups was compared with β-actin. The expression of the cell proliferation-associated protein Ki-67 in the TSPAN1 siRNA group was significantly decreased (up to 61.0%) compared with the negative control group (0.41±0.04 vs. 1.02±0.15; P<0.05; Fig. 4 ). The expression of the apoptosis-associated protein caspase-3 was significantly increased (up to 91.0%) in the TSPAN1 siRNA group compared with the negative control group (1.89±0.22 vs. 0.98±0.12; P<0.05; Fig. 4 ). These results demonstrated that silencing the TSPAN1 gene could inhibit the expression of Ki-67 and promote the expression of caspase-3. 
Discussion
As a new member of the tetraspanin group, TSPAN1 is a recently discovered tumor-associated gene (7, (9) (10) (11) (12) (13) . Previous studies have demonstrated that TSPAN1 is associated with the occurrence and development of numerous cancers, including hepatocellular carcinoma (7), gastric carcinoma (9), colorectal carcinoma (10), lung cancer (11), skin cancer (12) and pancreatic cancer (13) . RNA interference (RNAi) technology is an effective approach to silence tumor gene expression for studies of gene function, and has the potential for gene therapy (14) (15) (16) (17) . Synthetic siRNA can trigger RNAi responses in mammalian cells and induce inhibition of gene expression (14) . The specific siRNA used in the current study has been used in a previous study and confirmed to be effective (15). He et al (16) reported that silencing TSPAN1 using siRNA in liver carcinoma MHCC97H cells suppressed cell proliferation and induced apoptosis. Chen et al (17) reported that silencing TSPAN1 depressed the proliferation and growth of skin carcinoma A431 cells. These previous studies are in agreement with the present study, in which TSPAN1 siRNA was designed to investigate the effects of TSPAN1 in the proliferation and apoptosis of EC cells, and to disclose the role of TSPAN1 in EC. Esophageal carcinogenesis is a complex process, which involves a variety of molecular events associated with fundamental alterations in cell physiological processes (18) . Elucidation of the underlying molecular mechanisms of esophageal carcinogenesis is required to develop novel treatments. In the present study, 60 EC and matched adjacent normal tissue cases were initially studied to identify the association between TSPAN1 and clinicopathological parameters of patients with EC. In adjacent normal tissues, TSPAN1 was weakly stained. In EC tissues, TSPAN1 expressed strongly and was particularly enhanced in metastatic emboli in blood vessels, filtrating depth muscle and in poorly differentiated cells. The positive ratio of TSPAN1 expression was significantly increased in EC compared with adjacent normal tissue. The results supported the hypothesis that TSPAN1 over expression may be an important molecular event in the progression of EC. The present study demonstrated that lower differentiation EC tissue exhibited higher expression of TSPAN1, which indicated that TSPAN1 may be a marker for cell differentiation phenotype. In addition, TSPAN1 over expression was associated with histological differentiation, depth of tumor infiltration and lymph node metastasis, which indicated that the accumulation of TSPAN1 in cancer cells is associated with the malignant progression of EC. These results are similar to the studies by Zhang et al (12) and Wollscheid et al (19) . TSPAN1 has been demonstrated to accumulate at the cell surface in EC, and may transduce signals of cell proliferation, synergistically promoting EC development (3). Evaluate cancer cell proliferation and detecting the expression level of Ki-67 in tumors demonstrated that TSPAN1 may function with Ki-67 to increase tumor cell proliferation. Similarly, several studies have reported that the development of cancers is associated with the activity and expression of TSPAN1 in a variety of cancers, including hepatocellular carcinoma, skin squamous carcinoma and osteoclastogenesis (4, 7, 17) .
With the development of RNAi technology, a siRNA technique was used to down regulate TSPAN1 in the Eca-109 cell line. Compared with the negative group and the untreated group, RT-qPCR and western blot analysis results revealed that the mRNA expression level of the TSPAN1 decreased (up to 67.7%) and the protein expression level of the TSPAN1 (up to 62.0%) decreased within 48 h post-transfection of TSPAN1 siRNA in Eca-109 cells. MTT assay revealed that cell proliferation was inhibited (up to 39% at 48 h; 78% at 72 h) and flow cytometry showed that apoptosis was induced (30.16±3.24 vs. 17.92±1.52%). The present study demonstrated that TSPAN1 siRNA effectively knocked down the expression of TSPAN1 in Eca-109 cells and reduced the cell growth and proliferation. By contrast, to elucidate the molecular function of TSPAN1 on promoting proliferation and inhibiting apoptosis, the expression of the key regulators Ki-67 and caspase-3 was examined. To the best of our knowledge, this is the first study to demonstrate that the expression level of Ki-67 is significantly decreased (up to 61.0%) and caspase-3 is significantly increased (up to 91.0%) in Eca-109 cells transfected with TSPAN1 siRNA. Ki-67 was known to be over expressed in EC and in the early events of esophageal carcinogenesis, and is also a useful biomarker for early detection (20) . By contrast, caspase-3 is a member of the caspase family of enzymes, which are the major inducers of apoptosis (21) . This apoptotic protein is identified as one of the mechanisms by which cancer cells accelerate apoptosis, and is activated in the apoptotic cell by extrinsic (death ligand) and intrinsic (mitochondrial) pathways (22) . The present study revealed that silencing the TSPAN1 gene by siRNA resulted in an increase in caspase-3 expression, consequently promoting the apoptosis of EC.
In summary, the results of the present study demonstrated that TSPAN1 is highly expressed in EC cases, which may be regarded as one of the independent favorable indicators for the initiation and development of EC. The results in Eca-109 cells demonstrated that the main function of the TSPAN1 gene may be to promote cell proliferation by increasing levels of Ki-67, and to decrease apoptosis by down regulating caspase-3 expression. Therefore, TSPAN1 maybe a candidate gene for diagnosis and a target gene for therapy of EC.
